Abstract. Results of measurements of fluorinated compounds in gasses extracted from igneous and metamorphic rocks are reported. A new extraction method analogous to a pepper mill for geological samples is described. It permits extraction at low temperatures and ensures a rapid transfer of extracted gases from active surfaces to cryogenic pre-concentration loop. Values for CF4, CF3C1, CF2C12, CFC13, CHF3, SF6 and NF3 in fluorites, granites, basalts and other igneous and metamorphic rocks are reported. It is proposed that trifiuoroacetic acid (TFA) that was recently discovered in various environmental archives could also origin from similar geogenic sources.
Introduction
For decades synthetic fluorinated organics have been widely used as refrigerants, blowing agents in foam production, propellants for aerosol applications, solvents, surfactants pesticides and anaesthetics. The annual production and release of many of these compounds is well established [McCulloch and Midgley, 1999] while their natural occurrence has remained a matter of scientific debate.
After Lovelock [1971] established the extraordinary environmental stability of chlorofluorocarbons (CFC) through his pioneering atmospheric measurements the effect of their atmospheric accumulation has been thoroughly assessed. A milestone on this road has been the work by Rowland and Molina [1975] who predicted significant losses of stratospheric ozone as a consequence of a continuing release of CFCs. In combination with the discovery of the Antarctic ozone hole these research efforts led to the phase-out scheme of the production and use of CFCs under the Montreal Protocol starting in the late 1980's. The potential contribution of fluorocarbons to the anthropogenic warming of the global climate was first addressed by Wang et al. [1980] . Subsequently emissions of hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfurhexafluoride have been included into the Kyoto-Protocol in 1997. The issue of a potential phytotoxic effect of an accumulation of trifluoroacetic acid (TFA) -a degradation product of atmospheric HFCs -in freshwaters has also been a matter of scientific discussion during recent years [Tromp et al., 1995] .
Only a limited number of naturally occurring organofluorine compounds has been detected in the biosphere, all of which contain only one fluorine atom. The best known example is 
Results
In this study it is reported that CF4, CF2C12, CFC13 and SF6 can be extracted from a number of natural geologic samples (Table 1) . CF3C1, CHF3 and NF3 were detectable exclusively in a purple variety of fluorite (WF) with mass contents of 0.8, 3.7 and 60 ppb, respectively. Fluorites are found to be rich in CF4, CF2C12, CFC13 and SF6, while in granites CF4 is the only compound detectable in all samples. Interestingly, CF4 and SF6 remain undetectable in volcanites while some samples exhibit traces of CFCs. The results for CF4 and SF6 derived in this study agree quite well with the ranges of mass contents reported by Harnisch and Eisenhauer [1998] for granites (CF4 2-55ppt / SF6 0-2ppt) and fluorites (CF4 0-5600ppt / SF6 0-340ppt).
Discussion
As already discussed by Harnisch and Eisenhauer [1998] there are several factors that influence the content of fluorinated compounds in a geological sample. Among them are the rates of formation and destruction within the sample and the magnitude of fluxes across the sample boundaries.
Due to its extreme electronegativity the activation of fluorine from the ionic state is energetically disfavoured under most common conditions on Earth. Model calculations [Symonds et al., 1988] suggest that the fluorinated compounds considered in this paper cannot be formed in a gas-phase equilibrium under plausible volcanic gas-phase equilibrium conditions.
In real geologic environments, however, generally many chemically differentiated conditions exist close to each other in mineral assemblies. In most cases apart from high temperature magmatic gases one would expect a significant impact on gas compositions from surface and non-equilibrium effects and from a chemical differentiation on the mineral grain level. 
Conclusions
Our findings demonstrate that CFCs and perfluorinated compounds like CF4, SF6 and NF3 occur naturally in fluorites and igneous and metamorphic rocks. The natural geological reservoirs of these compounds are estimated to be of similar order of magnitude to the atmospheric reservoirs of their anthropogenic counterparts. Release rates from the crust, however, seem to be many orders of magnitude lower than comparable emission rates from anthropogenic sources. It appears thus quite certain that during the history of Earth natural CFCs and perfluorocompounds never had any significant effect on the levels of stratospheric ozone or climatic conditions.
For the evaluation of hydrological or oceanographic tracer data using e.g. CFCs or SF6 it needs to be taken into account that at low concentrations, tracer signals could either be the result of an advection of recent waters or due to natural sources.
Measurements of e.g. SF6 in ground waters could support the prospective search for commercial fluorite deposits.
The measurement of TFA contents in a similar set of geologic samples as analysed for this study would help to decide whether a natural geogenic source is responsible for the observed accumulation of TFA in aged ocean waters.
